Left ventricular end-diastolic and end-systolic volume, stroke volume, and ejection fraction were determined by biplane angiocardiography and echocardiography in 27 patients suspected of having heart disease. Angiographic volumes were calculated by the area-length method and echocardiographic volumes, from the left ventricular dimension of the echograms. 
fraction were determined by biplane angiocardiography and echocardiography in 27 patients suspected of having heart disease. Angiographic volumes were calculated by the area-length method and echocardiographic volumes, from the left ventricular dimension of the echograms. The area-length method has been verified by injection of postmortem hearts with known volumes of contrast material. '3' 14 Each volume determination was plotted at the point corresponding to its time of exposure on the recording strip. The points of maximum and minimum volume on the sequential volume curves represented the end-diastolic and end-systolic volumes, respectively. Two or more volume determinations at end-systole and end-diastole were usually available. The stroke volume of the left ventricle was the difference between enddiastolic and end-systolic volumes (EDV-ESV) and, therefore, includes regurgitant and forward stroke volumes. The ejection fraction (EF) is calculated as the ratio of stroke volume (SV) to end-diastolic volume.
Echocardiogram Measurements
The ultrasound examinations were performed with a commercially available ultrasonoscope utilizing a 2.25 MHz, 0.50 inch diameter transducer with a repetition rate of 1000 impulses per sec. The technique described by Feigenbaum et al. 5 and by Popp and Harrison'5 was followed for recording of the echoes. The patients were examined recumbent, and an aquasonic gel was used to insure better contact of the transducer Circulaton, Volume XLIII, April 1971 with the skin of the chest. The transducer was placed at the fourth or fifth intercostal space at the left sternal border and directed posteriorly and somewhat laterally and inferiorly until the strong posterior left ventricular wall and pericardial pleural echoes were recorded. The transducer was then rotated superomedially until the rapid mitral valve motion was seen. The transducer was again rotated inferolaterally until the mitral valve was no longer observed. The sensitivity of the ultrasonioscope was adjusted to display the simultaneous echoes of the interventricular septum and the epicardium and endocardium of the left ventricular posterior wall from this position. It was necessary to adjust the dampinig, reject, and sensitivity controls for both the near and far fields so that we could record the echoes properly and decrease reverberating echoes. Careful attention was given to proper oscilloscopic focus, so that the echoes appeared as fine lines. An average of eight echograms was obtained from every patient, and those selected for measurement were those which most clearly showed the septum and posterior wall echoes. These echoes were recognized by their location and characteristic motion with reference to the electrocardiogram.3 '16, 17 Frequently the right ventricular surface of the septal echo was visible just anterior to the left ventricular septal echo. Abbreviations: CW = chest wall; RV = right ventricle; EPI = epicardium of the posterior wall.
"time-motion" presentation was used to record the echoes, whereby distance (ordinate) is plotted against time (abscissa).
The left ventricular dimensions at end-diastole (Dd) and at end-systole (Ds) were measured from the endocardial echo of the posterior left ventricular wall to the left side of the interventricular septal echo, using as a reference the simultaneously recorded electrocardiography lead ( fig. 1 ). The diastolic dimension is always measured perpendicularly on the record at the peak of the electrocardiographic R wave, and the systolic dimension perpendicularly at the end of the T wave. As seen in figure 1 , during systole the posterior wall and the left ventricular septal echoes converge, and the distance between these two echoes is smallest (Ds). During diastole these echoes diverge, and at the peak of the R wave the distance between the two echoes is greatest (Dd). Calibration was performed by recording a grid of dots representing a vertical distance of 1 cm and a horizontal distance of 0.5 sec.
The ultrasound examinations were obtained before or after the angiographic studies, with an average interval of 8 hr. All measurements were made before the results of the angiocardiograms were known. These measurements were made by two observers in all echograms, and the measurements were averaged for calculation. In the presence of atrial fibrillation at least six cardiac cycles were measured from different echograms taken at the same recording session, and an average was obtained. If the long diameter is assumed to be twice the short diameter,15' 19 the formula may be further simplified to V_ 76rD2(2D) 6 Accordingly, the volume in both diastole and systole approximately equals the cube of t-he short diameter. This formula assumes the algebraic cancellation of the factor 7r/3.
Echocardiographic left ventricular volume in diastole and systole was calculated from a single ultrasonic dimension. The cube of the echo diastolic dimension, (Dd)3, was used as an estimation of the end-diastolic volume (EDV), and the cube of the echo systolic dimension, (Ds) 3, as an estimation of the end-systolic volume (ESV). Stroke volume (SV) was derived from the difference of EDV and ESV, and ejection fraction (EF) was EDV Results Table 1 summarizes the clinical and hemodynamic findings in the 27 patients. Three patients were in atrial fibrillation, and the remaining 24 were in sinus rhythm. The diagnosis at cardiac catheterization is also shown. Heart rates for the echocardiographic and angiocardiographic methods are included. Figure 2 shows the relationship for enddiastolic volume and end-systolic volume. The correlation coefficient between the end-diastolic and end-systolic volumes calculated by ultrasound and angiographic methods was r = 0.97 for each. The end-diastolic volume by echocardiography ranged from 59-614 ml, and by angiocardiography from 80-585 ml, with the standard error of the estimate (SEE) about the regression line being +27.76. For endsystolic volume the range of values by echocardiography was 13-502 ml, and by angiocardiography from 24-485 ml, with the SEE about the regression line equal to +23.64. Figure 3 relates ejection fraction and stroke volume by the two techniques. The correlation coefficient for ejection fraction was 0.80, with the standard error being +0.09. The echo ejection fraction tends to be larger than the angiographic value in the lower ranges. The correlation coefficient for total left ventricular stroke volume was 0.83, with a standard error of +25.45. All correlations were statistically significant (P < 0.01).
The observer variation for measurement of the left ventricular dimensions, Dd and Ds, on the same echograms with the resultant ventricular volumes are detailed in table 2. For END-DIASTOLIC VOLUME ANGlO cc END-SYSTOLIC VOLUME ANGlO cc Table 4 lists the echocardiographic dimensions, the angiocardiographic anteroposterior short diameter, and one-half the long diameter 
Discussion
The advantages of echocardiography for the study of left ventricular dimensions and of function are obvious. Noninvasive measurements can be repeated in the same patient as desirable and, thus, ventricular volumes and ejection fraction can be followed serially through the natural course of his disease. Development and progression of left ventricular dilatation and hypertrophy can be assessed. Acutely, the therapeutic effect of certain drugs on ventricular size can be studied. Thus, observation can be made under Angiocardiographic studies suggest that the mechanically failing ventricle alters its systolic shape from ellipsoid to spheroid, and that this alteration is significantly related to the ejection fraction.24 Thus, a patient with a more spheroid heart, in which the size of the minor axis approaches that of the major, has a smaller ejection fraction. To ascertain the reliability of echocardiographic dimensions in relation to the degree of sphericity of the Circulation, Volume XLIII, April 1971 heart, we compared the angiocardiographic minor diameter and the major semidiameter with the echo dimension in systole and diastole for patients with angiographic ejection fractions <0.45 and for those with ejection fractions >0.45. There was no significant difference in any dimension comparison when the patients were separated by size of ejection fraction. The echocardiographic dimensions, Dd and Ds, seem to be reliable approximations for the minor diameter and the semilength in all hearts studied, with both spheroid and ellipsoid left ventricular chambers.
The cubed ultrasonic diameter holds quite well until increased systolic volume with reduced ejection fraction occurs in these patients with chronic heart disease ( fig. 3) . The difficulty in measurement of the systolic major axis from the angiogram and the basic assumptions regarding ellipsoid shape in systole plus the accuracy of the echo technique may contribute to discrepancy in ejection fractions in the lower range. Furthermore, there were only four patients with low ejection fractions. Nevertheless, the echocardiogram would appear to be useful in the determination of left ventricular size, stroke volume, and ejection fraction in patients with chronic heart disease as well as in normal subjects. In the acutely failing heart, the left ventricle is not dilated to the extent of chronic heart disease. Therefore, the daily changes in patients with acute myocardial infarction with nearly normal heart size may not introduce the inaccuracies inherent in the extremely dilated left ventricle in chronic disease.
In summary, the angiocardiographic minor diameter and the semi-length correlated well with the echocardiographic left ventricular dimension in diastole and systole. Left ventricular volumes at end-diastole and endsystole, total left ventricular stroke volume, and ejection fraction all showed good correlation by both angiography and echocardiography. Variation 
